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ABSTRACT

Six groups of ten beef calves six to eight
months of age were shipped from western Can-
ada and observed untreated for one week after
arrivaL The following parameters were meas-
ured daily: body temperature, plasma fibrino-
gen, nasal bacterial mean colony counts of Pas-
teurella hemolytica and Pasteurella multocida,
total and differential leukcoyte counts, packed
cell volumes and the following, twice during the
week: serum and nasal antibody titres to P.
hemolytica and parainfluenza-3 virus. The
lungs from 44 of the calves were obtained at
post mortem and given a numerical score
based on the degree of pneumonia present.
Animals were designated SICK and WELL

according to body temperature and plasma
fibrinogen. The SICK animals had higher
nasal mean colony counts of P. hemolytica
than the WELL animals. The SICK animals
had lower levels of serum antibody to P.
hemolytica than the WELL on day 1 but had
a greater rise in titre over the week than did
the WELL animals. Both groups were similar
with regard to serum antibody to parain-
fluenza-3 virus and there was little change i
these titres. The SICK animals had a much
greater degree of pneumonia than the WVELL
The values of some of the parameters were

combined with the data of previously studied

*Department of Pathology (Thomson, Chander and Fox)
and Department of Veterinary Microbiology and Im-
munology (Savan), Ontario Veterinary College, Univer-
sity of Guelph, Guelph, Ontario.

The work was supported by the Ontario Ministry of
Agriculture and Food and by Agriculture Canada.

Submitted August 21, 1974.

animals in order to provide a comparison of
SICK and WELL with larger numbers of
animals.

RASUMA

Cette experience visait 'a observer, sans les
traiter, durant une semaine apres leur arrivee
de l'Ouest canadien, six groupes de dix bou-
villons ag6s de six a huit mois. On mesura
quotidiennement les parametres suivants: tem-
perature, fibrinogene plasmatique, nombre
moyen de colonies nasales de Pasteurella hemo-
lytica et de Pasteurella multocida, comptages
totaux et differentiels des leucocytes et hema-
tocrite. Deux fois au cours de cette semaine,
on proc6da a la recherche du taux d'anticorps
seriques et nasaux 'a l'endroit de P. hemolytica
et du virus para-influenza 3. Lors de la ne-
cropsie, on recueillit les poumons de 44 bou-
villons et on les classa numeriquement d'apres
le degre de pneumonie observe.
On classifia les bouvillons en MALADES

ou SAINS, en se basant sur leur temperature
et la teneur en fibrinogene de leur plasma.
Les MALADES presentaient un nombre moyen
de colonies nasales de P. hemolytica superieur
a celui des SAINS. La teneur du serum des
MALADES en anticorps i l'endroit de P.
hemolytica s'avera inferieure a celle du serum
des SAINS, le premier jour; elle augmenta
cependant plus que ceHe du serum des SAINS,
au cours de la semaine. La teneur du serum
en anticorps "a l'endroit du virus para-influen-
za 3 s'avera semblable chez les sujets des deux
groupes et ne manifesta pas de changemeat
appreciable. Le degre de pneumouie s'avera
beaucoup plus marque chez les MALADES
que chez les SAINS.
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On compara les valeurs de certains des para-
metres ia celles obtenues lors d'experiences
anterieures, afin de pouvoir comparer les MA-
LADES et les SAINS a un plus grand nombre
de sujets.

tween S and W animals could be made on
larger numbers of animals than that re-
ported previously.

MATERIALS AND METHODS

INTRODUCTION ANIMALS

The relationship of stress, bacteria and
viruses as etiological factors in the patho-
genesis of "shipping fever" in cattle is not
clear. It has become necessary to examine
the interactions among the possible etio-
logical factors in the early stage of the
natural disease to determine which are of
greatest importance in the initiation of
the disease so that preventive or control
measures can be developed.

In a previous study (26) on microbio-
logical factors which might be related to
the occurrence of pneumonia, animals
shipped from western Canada were classi-
fied SICK (S) or WELL (W) according to
body temperature and plasma fibrinogen
values but in most, the presence or absence
of pneumonia was not confirmed by post
mortem examination. Also the data collected
over a four week period was reanalyzed
and it was shown that similar conclusions
could be drawn from the data collected in
the first week alone (error approximately
20%).

Therefore the present study was under-
taken to relate factors which might be re-

lated to the occurrence of pneumonia to
the degree of pneumonia present in the
animals following examination of the lungs
at the end of the observation period. The
division between S and W animals was

redefined, total and differential leukocyte
counts and packed cell volume (PCV) were
determined. In addition the following para-
meters were measured: body temperature,
plasma fibrinogen, nasal mean colony
counts (MCC) of Pasteurella hemolytica
and Pasteurella multocida, serum and nasal
antibody to P. hemolytica and parainflu-
enza-3 (PI-3) virus.
By discriminant analysis, an effort was

made to predict S and W by using either
day 1 or day 7 parameters only.
For as many parameters as possible, in-

formation was pooled from animals in the
present investigation with that from the
previous investigation including those re-

ferred to in the addendum (26), plus one

other group. Thus overall comparisons be-
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Groups of beef calves six to ten months
of age were purchased after they arrived
by train from western Canada. Groups A
to E (Table I) were described previously
(26). Groups F and G were referred to
previously in the addendum (26) and were
purchased from the range, sampled in
Saskatoon and then shipped to Guelph in
order to determine the status of the para-
meters being measured prior to shipment
from western Canada and to compare the
findings after arrival in Guelph with ani-
mals in Groups A to E. Group H was
handled in a similar manner to Groups A to
E. Groups J to 0 were purchased as A to
E but were housed each in two groups of
five each in a stable in box stalls and were
not outside after arrival as were Groups A
to H (the letter I was not used to avoid
confusion with numerals). The purpose of
Groups J to 0 was to make similar observa-
tions as were made on A to H but to
slaughter the calves after one week of ob-
servations, recover the lungs, determine the
extent of pneumonia in each calf and relate
the extent of pneumonia to the parameters
measured.

CLASSIFICATION

Groups A to H were originally classified
S and W on the basis of having a body tem-
perature of at least 104.5°F for at least one
day, followed within 48 hours by a plasma
fibrinogen level of at least 800 mg % (26)
for three successive days. To determine if
the values for these criteria could be re-
fined and related to pneumonia the com-
puter selected the animals into S and W by:
(a) classification of Groups J to 0 accord-
ing to the above criteria and (b) combina-
tions of temperature levels (1050F, 104.50F,
104°F) and fibrinogen levels (600, 700, 800
mgm %). Thus the specific animals in each
classification could be identified and their
lung scores (see below) could also be identi-
fied. The best fit of temperature, fibrino-
gen and lung scores occurred at a tempera-
ture level of 104°F and fibrinogen level of
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TABLE I. Groups of Animals and Classification

Animals Classification

Used for Original Final
Groups Date Total Lung Scores SICK WELL SICK WELL

A Oct/67 10 5 5 6 4
B Nov/67 10 7 3 7 3
C Jan/68 10 9 1 9 1
D Feb/68 10 1 9 2 8
E Mar/68 15 11 4 12 3
F NNov/68 10 5 5 6 4
G Jan/69 ga 0 8 0 8
H Feb/71 10 3 7 3 7

J Oct/71 10 5b 5 5
K Nov/71 10 10 4 6
L Dec/71 10 9e 9 1
M Jan/72 10 Ob 1 9
N Feb/72 10 10 2 8
0 Mar/72 10 10 4 6

143 44 70 73

Number used in overall comparison of S vs Wd 68 + 71 = 139
Number b used to relate S vs W to lung scores 23 + 21 = 44

*Two animals removed from data because fibrinngen levels not recorded
bFifteen animals were sold. therefore lungs not available
'One died on first day
dFour animals died on first two or three evays and therefore insufficient data on all parameters

700 mgm %. The specific time relationship
for temperature and fibrinogen was altered
so that the three days of high plasma fibri-
nogen levels occurred within 72 hours of the
temperature level of 104°F and not neces-
sarily after the temperature rise.

After the analysis the daily records of
all animals in Group A to H were reex-
amined in order to determine if the new
criteria would change the classification
reported previously. The previous report
on Groups A to H did not deviate from the
temperature of 104.5°F and three suc-
cessive days of fibrinogen levels at 800
mgm % (Table I - original classification).
As indicated in Table I four animals origin-
ally classified as W moved into the final
classification of S in Groups A to H (note
the difference in "original" and final clas-
sification). All comparisons of S and W
animals in this paper (note "final" clas-
sification in Table I) are based on the
criteria of S animals having a temperature
level of at least 104°F and three days of
plasma fibrinogen levels of 700 mgm %
and with very few exceptions the required
fibrinogen levels occurred on three suc-
cessive days and during days 1 to 7.

Body Temperature
Body temperatures were recorded daily.

Daily plasma fibrinogen levels were deter-

mined by the Biuret method (12) in Groups
A to H and by the Fibrometer method (17,
25) in Groups J to 0. The following state-
ment compares the two methods (24):
"1. At low bovine plasma fibrinogen values

i.e. 200 mg/ 100 ml, the Fibrometer
method tends to overestimate the plas-
ma fibrinogen.

2. At high bovine plasma fibrinogen
values i.e. over 1,000 mg/ 100 ml. the
Fibrometer method tends to under-
estimate the plasma fibrinogen.

3. In the no-?mal bovine plasma fibrinogen
range of about 400-800 mg/ 100 ml the
Fibrometer method will give an estim-
ate of the plasma fibrinogen very sim-
ilar to that of the Biuret method.
A Biuret value of 1,000 (a significantly
elevated plasma fibrinogen) will be in
the range of 963-993 on the average by
the Fibrometer method."

Nasal Mean Colony Courts
The MCC of P. hemolytica and P. multo-

cida in the nasal flora were determined as
reported previously (26) except that in the
calculation of the MCC the value for "a" of
0-2 was used. Therefore all the MCC for
Groups A to H were recalculated in order
to have comparable results and were cal-
culated as a weekly value recorded once as
a day 7 value.
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Serology
Serum samples and nasal secretions

were collected on day 1 and day 7. Serum
and nasal antibody levels to P. hemolytica
and PI-3 virus respectively were carried
out as described previously (20, 26).

Hematology
Packed cell volumes (PCV) were deter-

mined by the microhematocrit method. Total
leukocyte counts were determined on a
Coulter FN counter and differentials de-
termined routinely.

Lung Scores

All calves were killed by day 12 of the
study. The lungs were examined grossly
and photographed. All discoloured areas
were recorded on a stencil outline of the
bovine lungs. The extent of lesions in each
lobe of each lung was recorded on a numer-
ical scale ranging from zero to five with
zero being no lesions and five indicating
involvement of the entire lobe. Each lobe
could therefore receive a numerical score on
the extent of involvement with lesions. The
left lung with three lobes and the right
with four would have a total of seven in-
dividual scores which could be added to
give a total for each calf. The maximum
value was therefore 35 and the minimum
zero.
Some parameters were examined on the

basis of the total lung score of each animal
and not the S and W classification. An ar-
bitrary division of the animals of GROUP
I (see below) into three subgroups (a, b c)
was made with subgroup a including scores
of zero to ten (25 animals), b including
scores of 11-20 (ten animals) and c in-
cluding scores of 21-30 (nine animals).

Analyses

The relationship of the extent of pneu-
monia to the parameters measured was of
particular interest and therefore Groups
J to 0 were examined as one large group.
The data from Groups J to 0 (except for
lung scores, PCV and leukocyte counts)
were then poo!ed with Groups A to H in
order to increase the number of observa-
tions for each parameter common to all
animals. For purposes of presentation,
Groups J to 0 (those from which lungs
were examined) will be designated as
GROUP I and A to 0 (all groups) as

GROUP II. The results in GROUP I will be
presented first.

Temperature, fibrinogen, PCV, total and
differential leukocyte counts were recorded
and analyzed using actual values (the dif-
ferential leukocyte counts were converted
to absolute counts). For the MCC and
serological data the data was transformed
as follows:

MCC P. hemolytica
0

MCC P. multocidaX2 = 0

X3 = log [(reciprocal of dilution of serum anti-
body txo P. hemolytical) + 1.0]

X4 = log [(reciprocal of dilution of nasal anti-
body to P. hemolytica) + 1.0]

X5 = log [(reciprocal of dilution of serum anti-
body to PI-3 virus) + 1.01

Xe = log [(reciprocal of dilution of nasal anti-
body to PI-3 virus) 4 1.0!

The results recorded in tables in this
paper are shown as the actual means and
standard deviations but the t and signif-
icance values for parameters X1 to X. are
the values from analysis of the transformed
data.

Differences in mean values for each
parameter compared between S and W
animals were tested by the t-test (21).
Homogeneity of variances is required for
the t-test and therefore an F-test for dif-
ferences between variances of S and W
animals for the same paramneters used in
the t-test was carried out. If the variance
was significant (Pc.05) thus invalidating
the t-test the Welch T Prime approximation
of variables (29) was used to determine
significant differences between the mean
values. In general the same results were ob-
tained with the t-test and the T Prime test
and in most instances the significance
values recorded are from the t-test but
if the Welch T Prime approximation is used
to determine significance the significance
values from this test are used and are de-
signated as such in the tables.
As mentioned in the introduction it

seemed useful to reduce the number of ob-
servations required to determine S and
W in the previous report (26) and thus
reduce the time and cost of processing
samples. The data from GROUP II were
analyzed for this purpose. About half the
animals classified as S and W were selected
and using their day 1 values for parameters
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TABLE II. Comparison of Mean Bacterial Colony Count in the Nasal Flora Between SICK and
WELL Animals of GROUP I

Classification

SICK WELL Significance

Organism MCCa SDb MCC SD DFc td p.

P. hemolytica .566 623 172 399 42 2.47 .01

P. mullocida. 124 292 148 314 42 0.25 0.80

&Mean colony count
bStandard deviation*Degrees of freedom
dt-test value
eActual significance value
'Significance value by Welch T Prime test

Xl to X. they were reclassified using dis-
criminant analysis and the percentage error
determined. The same was carried out with
the day 7 values (the same MCC values
were used on both days for this calculation).
Then the X1 to X6 parameters of day 1 and
day 7 respectively of the other half of
GROUP II were used to classify that half
of the animals as S or W and the percent-
age error determined. Various combinations
of the parameters were used in an effort to
discard some parameters in order to im-
prove the accuracy.

DEAD ANIMALS

The data on the 13 calves which died or
were killed ih extremis during the observa-
tion periods from GROUP II were brought
together and examined to look for factors
common to these animals and to compare
them as a group with the S and W animals.
One died on day 1, two on day 2, one on
day 4, three on day 5, one on day 6, two
on day 7, two on day 8 and one on day 9.

RESULTS
GROUP I (GROUPS J TO 0 IN TABLE I)

Temperature - The mean daily body tem-
peratures (Fig. 1) were significantly dif-
ferent (P < .01) between S and W on all
days except days 5, 6 and 7 and the overall
means were significantly different.

Fibrinogen - The mean daily plasma
fibrinogen levels (Fig. 2) were significantly
different - (P < .01) between S and W on
all days as was the overall mean.

Mean Colony Counts - The nasal bacterial
MCC of P. hemolytica was significantly
higher in the S than the W animals but
the same was not true for P. multocida

w --

5-106 r

105 F

w
uI-
4c
wa.
w
I-

104

03 F

102

101

1 2 3 4 5 6 7
DAY

Fig. 1. Daily mean body temperature with standard de-
viations for SICK and WELL animals in GROUP I.

(Table II).

Antibody Titres - Comparisons of anti-
body titres were made between S and W
animals on day 1 and day 7 in order to
determine differences at these times and
also to determine relative changes between
day 1 and day 7. The serum IHA antibody
levels to P. hemolytica was significantly
higher (P < .05) in W than S animals at
day 1 but not at day 7 (Table III). Dif-
ferences in nasal titres to P. hemolytica
were not significant. Neither serum nor
nasal hemagglutination inhibition (HI)
antibody titres to PI-3 virus were signif-
icantly different between S and W on day
1 or day 7 (Table III). The only signif-
icant change in serum and nasal antibody
titres to P. hemolytica and PI-3 virus
(P < .05) which took place between day
1 and day 7 was the serum antibody level
to P. hemolytica in the S animals.
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TABLE IIl. Comparison of Mean Antibody Titres Between SICK and WELL Animals of GROUP
I on Day 1 and on Day 7

Titre Significance

Agent Day SICK WELL DF° td Pe

P. hemolytica -serum.. 1 40- 35b 72 105 42 2.13 .04
7 130 92 97 118 42 1.70 .10'

-nasal 1 0 2 0.1 2 42 1.83 .07
7 4 2 1 2 42 1.20 .23

PI-3 virus - serum. . 1 31 57 30 37 42 1.12 .27
7 35 38 35 29 42 1.30 .18f

-nasal... 1 18 29 10 10 42 .26 .80
7 11 12 12 15 42 .55 .58

*Reciprocal of dilution
bSdard deviation
*Degrees of freedom
dt-test value
-Actual significance value
'Significance value by Welch T Prime test

Hematology - There was a significant
difference in the PCV between S and W
animals only on day 2 (Table IV). No
significant difference was observed in the
mean total leukocyte counts between S and
W animals (Table IV) and only a few of
the differential white cell counts were
significant (Table V). The only definite
trend observed was that the eosinophil
counts in the S animals were significantly
lower than in the W animals on each day
(Table V).

Lung Scores of S and W Alnimals - The
individual S and W animals are listed in
Table VI with their lung scores and the
mean scores for S and W. The overall mean
lung score for all animals was 10.2 with a
standard deviation of ±9.5, for the S anim-
al the mean score was 17.6 and for the well
5.7. For 42 degrees of freedom the t value
for the t-test was 8.80 and the actual signif-
icance was .00 with the S animals having
the significantly higher scores. A test for
equality of variances between the groups
indicated no significant differences and
therefore the t-test could be used for this
data (21). These results clearly demon-
strate the difference in the degree of pneu-
monia between S and W animals.

Parameters Based on Magnitude of Lung
Score - Although the subgroups a, b and c
were uneven in numbers of animals some
comparison of parameters based only on
lung scores was considered useful in the

hope that characteristics of the animals
with the greatest degree of pneumonia
might be more closely identified and com-
pared to those with the least degree of
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Fig. 2. Daily mean plasma fibrinogen levels with stand-
ard deviations for SICK and WELL animals in GROUP
I.
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TABLE IV. Mean Packed Cell Volumes and Total Leukocyte Counts of SICK and WELL Animals
in GROUP I

Packed Cell Volume Total WBC
SICK WELL SICK WELL

Day Mean SD& Range Mean SD Range Mean SD Mean SD
1. .......... 39 4 30-47 41 4 33-49 9105 3772 9491 3542
2. .......... 35 3 28- 42 38b 4 30- 44 8295 2012 8952 2329
3........... 36 5 30 -47 37 5 20 -44 8414 1829 8904 3167
4. .......... 37 4 29 -47 35 5 25 -46 8814 1941 8600 2687
5. .......... 35 4 30-44 35 4 23-44 8814 1941 8600 2687
6........... 35 3 31 -40 33 4 23 -40 9376 2256 9000 2234
7. .......... 34 5 30 -41 34 4 27 -42 8886 2602 8927 3716

OverallMean... 36 3 35 3 8860 1600 8650 2200

*Standard deviation
bSignificant difference (P < .05)

pneumonia. The temperature and fibrinogen
levels of subgroups b and c are more closely
associated with each other than with sub-
group a (Fig. 3, 4). The total leukocyte
counts do not differ greatly in the three
subgroups (Table VII) and if graphed the
lines overlap each other. Subgroup c has
the highest number of band cells on days 3
and 4 and segmented cells on day 7. If
graphed the lymphocyte and monocyte lines
overlap each other. Subgroups b and c have
much lower eosinophil counts than sub-
group a.
The MCC of P. hemolytica is higher in

subgroups b and c than in a and there is
little difference between subgroups for P.
multocida. The increase in serum antibody
titre to P. hemolytica between day 1 and
day 7 is greatest in group c (Table VIII).
Also the mean titre to P. hemolytica on
day 1 is lowest in c. There is little change
in antibody titres to PI-3 virus between
the subgroups (Table VIII). In general
these differences between subgroups b and
c on the one hand and a on the other are
similar to the differences between S and
W animals but are more indicative of the
degrees of pneumonia than is S and W
alone.

GROUP II (GROUPS A rO 0 IN TABLE I)
Temperature - There are significant dif-
ferences between temperature values (Fig.
5) of S and W animals only on days 1, 3 and
4 as well as overall.
Fibrinogen - There are significant dif-
ferences in plasma fibrinogen values (Fig.
6) between S and W animals on all days.
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0.

w
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b-c *

.-._ .-
. _ . v J __ _ -

._.
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,-

102~

6 71 2 3 4
DAYS

Fig. 3. Daily mean body temperature for subgroups a.
b and c, divided according to lung scores, from GROUP I
(a includes lung scores of 0-10, b, 11-20 and c, 21-30).

Mean Colony Counts - The MCC of P.
hemolytica of the S animals is significantly
higher than the MCC of the W animals
whereas there is no significant difference
with P. multocida (Table IX).
Antibody Titres - The serum antibody
titre to P. hemnlytica is significantly lower
in the S than the W animals at day 1 but
not at day 7 (Table X). The serum anti-
body titre to PI-3 virus is significantly
higher at day 7 but not at day 1 in the W
animals (Table X). In comparing serum
and nasal antibody to P. he'nolytica and
PI-3 virus between day 1 and day 7 the
significant changes (P < .05) were, (i) the
serum antibody titre to P. hemolytica was
higher on day 7 than day 1 for the S anim-
als and for the W animals and (ii) the
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TABLE V. Mean Differential Absolute Leukocyte Counts In SICK and WELL Animals of Group I

Band Segmented Lymphocyte Monocyte Eosinophil

SICK WELL SICK WELL SICK WELL SICK WELL SICK WELL

Day Mean SDa Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

1 61 100 37 101 3597b 2644 1904 1620 5622 1972 6717 2522 70 150 136 164 129 135 294 238
2 64 91 12 56 2599 1173 1749 1203 6006 1631 6342 1463 119 97 111 125 142 160 349 288
3 71 189 29 62 2351 1511 1776 1034 6267 2120 6164 1306 102 116 109 91 105 177 320 262
4 65 210 7 34 2318 1142 1746 1222 6071 1935 6677 1282 82 130 83 115 48 65 257 221
5 52 93 10 48 2163 940 1783 996 6340 1869 6886 1812 59 80 142 132 101 115 331 321
6 97 200 38 119 2487 1307 2243 1931 6297 2126 6595 1306 41 52 130 110 67 75 330 291
7 111 229 35 139 2863 263) 2074 2015 5805 1689 6293 1462 70 93 76 75 70 69 358 427

Overall
Mean 72 115 24 67 2534 925 1899 1218 5874 1533 6433 991 76 62 113 73 92 56 320 224

aStandard deviation
bSignificant difference (P < .05) by the t-test

nasal antibody titre to PI-3 virus was
higher on day 1 than at day 7 in the S
animals.

Prediction of S and W - A discriminant
analysis for prediction of S and W on
SICK and WELL animals based on para-
meters X1 to X6 yielded a percentage error
rate varying from 29% to 40% (Table XI).
No trend on error rate was observed in

TABLE VI. Individual Lung Scores of 23 SICK
and 21 WELL Animals in GROUP I and the
Comparisons of Mean Scores

Classification
SICK WELL

Animal Animal
Number Score Number Score

4646
4986
205

4983
201
208

4648
4643
4993
4642
146
139

4647
4982
4987
4992
4981
4989
4994
4995
4990
210

4985

mean

30
30
27
25
26
22
22
21
20
19
19
19
18
18
18
14
13
13
10
9
8
3
2

17.6

4977
4978
4976
206
4979
143
141

4984
204
138
144

4980
4991
145
137
142
202
140
2C3
207
209

mean

10
7
4
4
3
2
2
2

2
2
1
1
1
1
1

0
0
0

5.7

using various subsets of the variables. The
day 1 and day 7 data did not provide any
real difference in the results. Parameters
Xi, X3 and X5 are most accurate but the
error rate is probably higher than could
be used for reliable results.

Dead Anima,s- The number of observa-
tions on those animals which died reduced
with time (Table XII). The mean body tem-
perature was not over 1050F and the plas-
ma fibrinogen levels were generally high
but the standard deviations were consider-
able. These values are similar to other SICK
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Fig. 4. Daily mean body fibrinogen levels for subgroups
a, b and c, divided according to lung scores, from
GROUP I (a includes lung scores of 0-10, b, 11-20 and
c. 21-30).
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animals. The
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than the mean
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Fig. 5. Daily mean
viations for SICK X

serum antibody titre to P. nia and those which do not is important in
day 1 and day 7 is lower establishing the relative significance of

i of the S animals in either factors such as the occurrence of bacterial
II and the same is true for and viral infection in the two classifications

ly levels to PI-3 virus. The which are probably related to the pathogen-
are available from only three esis of the disease. In addition the S and W
mals and these were 30, 30 classification will be very useful in deter-

mining the efficacy of experimental control
and preventive procedures such as vaccina-
tion which might be attempted under field

s conditions particularly since our results in-
W---- dicate a strong, positive relationship be-
T tween the S classification and the presence
T I of pneumonia. Until now the evaluation of

a preventive measure for "shipping fever"
has been assessed only on relatively super-

-T - _ _ ficial clinical criteria. Schell et al (19)
Tj T | T I mention the "absence of a reliable assay of

1 I ' . 2, l. ' protection" in shipping fever.
:;___5 t-___-__ __, Increases in body temperature and plas-

ma fibrinogen levels are probably non-
specific indicators of illness in cattle (16)
but perhaps fortuitously have been of
definite value for our purposes as a means

2-- 374 5 6 j of identifying animals with pneumonia
DAYS especially the fibrinogen values (Table

VI) (Figs. 2, 4, 6).
anbody tenperature with standard de- The high levels of P. hemolytica in the
and WELL animals in GROUP I nasal flora of S animals compared to W

animals indicates this organism prolifer-
ates to a much greater extent in the S

DISCUSSION

The overall results of this investigation
confirm and further support the results
of our previous report on factors related to
the occurrence of pneumonic pasteurellosis
in cattle (26). The present results indicate
that some of the parameters measured re-
late to the degree of pneumonia present in
the lungs. In general the animals which
developed pneumonia were probably more
susceptible to the effects of P. hemolytica
than those which did not develop pneu-
monia (Tables III, VIII, X, XII). Based on
serum antibody titre to PI-3 virus the re-
sponse to the virus was generally similar in
those animals which developed pneumonia
and in those which did not (Tables III,
VIII, XII).
The designation of S and W animals is

supported by a greater degree of pneumonia
in the S than the W animals (Table VI).
One of the main objectives of this investig-
ation was to determine whether or not such
a relationship existed. The value of the S
and W classification in demonstrating dif-
ferences in animals which develop pneumo-

m 900 -

4800 T
U. T

1 .___!

700 T I

500- j

400 -

1 2 3 4 5 6 7

DAYS

Fig. 6. Daily mean plasma fibrinogen levels with stand-
ard deviations for SICK and WELL animals in GRGUP
II.
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TABLE VIn. Comparisons of Total and Absolute Differential Leukocyte Counts in Animals of GROUP I Based on Di-
vision Into 3 Subgroups8. a, b and c According to Magnitude of Lung Scores

Total Band Cells Segmented Cells Lymphocytes Monocytes Eosinophils

Day a b c a b c a b c a b c a b c a b c

1 9216 9375 9256 36 53 81 2251 4321 2766 6530 4798 6163 122 31 115 262 139 139
2 8408 8650 9363 22 39 99 1902 2616 2662 6012 5703 6362 122 74 160 316 212 50
3 8652 8610 8950 31 39 137 1862 2505 2349 6326 5852 6320 101 157 57 317 44 87
4 8924 8680 8050 11 38 125 1870 2636 2003 6680 5883 5796 87 73 89 236 37 20
5 9136 8550 8600 12 66 57 1786 2156 2320 6850 6223 6015 129 40 76 318 59 88
6 9108 9840 8429 45 47 191 2217 2717 2551 6418 6945 5599 109 48 35 288 64 53
7 8748 8450 10214 33 39 279 2087 2574 3890 6194 5719 5899 77 43 93 318 66 53

"a group of 25 animals with luno scores of 0-10
b group of 10 animals with iung scores of 11-20
c group of 9 animals with lung scores of 21-30

TABLE VIII. Mean Colony Counts and Mean Serum Antibody Titres in Subgroupsa a, b, c of
GROUP I Based on Magnitude of Lung Scores

MCCb Serum Antibody Titres

Agent Group Day 7 SD Day 1 SDd Day 7 SD

P. hemolytica .a 255 630 97 92 108
b 721 49 48 134 92
c 560 28 28 157 111

P. multocida .a 128
b 128
c 164

PI-3 virus .a 29 35 35 29
b 42 78 37 39
c 25 41 33 47

'a group has lung scores of 0-10
b group has lung scores of 11-20
c group has lung scores of 21-30
bMean colony count
cReciprocal of dilution
dStandard deviation

TABLE IX. Comparisons of Nasal Bacterial Mean Colony Counts Between SICK and WELL
Animals of GROUP II

Classification
SICK WELL Significance

Organism MCC' SDb MCC SD DFc td pe

P. hemolytica ...................... 366 462 146 321 137 3.28 .00f

P. mullocida ...................... 81 207 138 301 137 1.3 .18f

'Mean colony count
bStandard deviationcDegrees of freedom
dt-test value
eActual significance value
fSignificance value by Welch T Prime test
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TABLE X. Comparisons of Mean Antibody Titres Between SICK and WELL, Animals of GROUP
II on Day 1 and on Day 7

SICK WELL Significance
Agent Day Mean SD& Mean SD DFb to pd

P. hemolytica -serum.1 30 41 57 80 137 3.25 .00
P. hemolytica -serum.7 118 156 87 121 137 .62 .53f
P. hemolytica - nasal .1 0.6 4 0.7 2 137 1.37 .17
P. hemolytica - nasal .7 2 17 0.8 2 137 .69 .49

PI-3 virus -serum.1 18 39 17 25 137 1.36 .18
PI-3 virus -serum.7 21 22 23 27 137 2.11 .04
PI-3 virus -nasal .1 15 25 15 34 137 .12 .91
PI-3 virus -nasal .7 8 11 14 21 137 1.76 .08

*Standard deviation
bDegees of freedom
Ot-test value
dActual significance value
*Reciprocal of dilution
tSignificance value by Welch T Prime test

animals. Theoretically the S animals would
have the opportunity to inhale larger num-
bers of organisms into their lungs than the
W animals (11). The increase in serum
antibody to P. hemolytica in the S animals
between days 1 and 7 also indicates a
stronger challenge from this organism than
occurred in the W animals. The lower serum
antibody levels to P. hemolytica in the S
animals on day 1 (Tables III, VIII, XII)
could indicate a decreased period of time
exposure to the organism compared to W
animals prior to arrival. The S animals
would therefore be more susceptible to the
effects of P. hemolytica assuming that the
serum IHA antibody titres to P. hemolytica
are an indication of resistance.

However a relationship between IHA
antibody titre to P. hemolytica and resist-
ance has not been specifically verified in
cattle (2, 3) although some reports contain
information related to this point. Baldwin
et al (1) were able to cause clinical illness
with P. hemolytica via intratracheal in-
oculation in calves with levels of serum IHA
antibody less than 1:10. Duncan and
Thomson (8) also caused clinical signs of
pneumonia with aerosols of live P. hemoly-
tica in calves with no serum IHA antibody
titres to P. hemolytica. The IHA test is an
indication of exposure to capsular antigens.
Experiments to relate these titres to im-
mune status in mice have not been con-
clusive: "The results very clearly point to
the existence of factors other than capsular
and somatic antigens demonstrable by sim-
ple laboratory typing that determine spe-
cificity of immunity" (15), a statement

which is consistent with the findings of
Cameron (3). Nevertheless there has not
been a report of a better method of in-
dicating exposure to live P. hemolytica or-
ganism and probable protection in cattle
(8, 10).
The general results of our investigation

would support the concept that these anti-
body titres are an indication of resistance
in that animals with low titres are the
ones which tend to develop pneumonia com-
pared to those with higher titres (Tables
III, VIII, XII). We are unable to evaluate
the significance of nasal antibody to P.
hemolytica. The levels of nasal antibody to
P. hemolytica induced experimentally (8)
have not been found in our experimental
field animals and no explanation is ap-
parent.

TABLE XI. Percentage Error in Selecting SICK
and WELL Animals from GROUP II Determin-
ed by Discriminant Analysis

Percent Percent
Error Error
Day I Day 7

Parameter Data Data

Xi, X83 35 32
X1, X3, X5 36 29
Xi, X3, X5, X6 32 35
X1. X3, X4, X5, X6 35 35
X1, X2, X3. X4, X5, X6 38 41

X- MCC P. hemolytica
X2- MCC P. multocida
X3- Serum antibody P. hemolytica
X- Nasal antibody P. hemolytica
X6- Serum antibody PI-3 virus
X- Nasal antibody PI-3 virus
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It is of interest that it was just twenty
years ago that a large scale study of the
value of P. multocida bacterin and anti-
serum was carried out on a group of 9,000
animals (18). That study and Carter's work
(4, 5) seem to have been responsible for
focusing attention toward P. hemolytica
(7).
The W animals had a significantly higher

serum antibody level to PI-3 virus on day
7 than the S animals in GROUP II (Table
X) but not in GROUP I (Table IV). How-
ever the W animals in GROUP II had a
significantly higher nasal antibody level
to PI-3 virus on day 7 than day 1 (Table
X). It has been demonstrated that nasal
antibody to PI-3 virus is a better indicator
of protection against PI-3 infection in
cattle than is serum antibody (9). Our
serological results do not indicate an ac-
tive PI-3 virus infection or that there was
a relationship between the degree of pneu-
monia and PI-3 virus infection. However
Sweat (22, 23) demonstrated clear serolo-
gical evidence of active PI-3 virus infection
in recently shipped calves some of which
had clinical signs of shipping fever and at
least one died with fibrinous pneumonia.
He considered an HI antibody titre of 1:20
to be significant as an indication of pre-
vious PI-3 virus infection. He also re-
ported that HI antibody levels in calves
after nursing were about 1:50 and then
declined to about zero at six to eight months
of age. A rise in antibody levels to about
1:30 to 1:40 usually occurred again when
the cattle were weaned. About 86 to 100%

of a group of 200 calves developed titres
between 1:20 and 1:80 during an outbreak
of shipping fever in which the virus was
isolated from nasal swabs of several calves.
Vaccination can result in serum HI titres
of up to 1:200 (9) but natural infection may
only give rises of 1:40 to 1:80. The mean
HI titres in our animals were below 1:40.
At their age passively secured antibody
should not have been a factor. Compared to
Sweat's animals (22, 23) ours did not have
a significant PI-3 infection and animals of
our groups were dying of severe fibrinous
pneumonia.
However the serum antibody titres to

PI-3 virus in our animals do not rule out
an effect of PI-3 virus on the development
of pneumonia. It has been demonstrated
(13, 27) that a virus infection in the lung
of experimental animals can markedly im-
pair the clearance of inhaled bacteria from
the lung particularly one week after the
virus infection. Therefore if PI-3 virus
infection had occurred about one or two
weeks prior to shipment or arrival then it
could possibly affect clearance and become
highly significant in the pathogenesis of
the pneumonia. However the antibody levels
to PI-3 virus (Tables III, V, X, XII) do not
indicate a recent or active infection at least
when compared to Sweat's results (23). An
effect of PI-3 virus on the pulmonary
clearance of P. hemolytica in cattle has not
been demonstrated (10) but is still under
investigation in our laboratories. If PI-3
virus is demonstrated to have an effect on
pulmonary clearance of P. hemolytica in

TABLE XII. Observations on Animals Which Died or Were Killed in extre mis In GROUPS I and II

Antibody Titres

Tem- Fibrin-
perature ogen Mean Colony Count P. hem. PI-3

Number of
Day Observations Mean SD& Mean SD P. hem.b P. mult.e Sd No S N

1 13 103.8 1.9 929 311 14f .2 4 26
2 12 103.3 2.8 938 338
3 10 104.6 1.5 1052 350
4 9 104.7 1.8 1166 283
5 6 104.6 1.1 1343 261
6 6 103.5 1.9 1169 301
7 3 103.9 2.6 1175 494 637 E9 61 .4 5 11

-Standard deviation
bp. hemolytica
*P. multocida
dSerum
*Nasal
'Reciprocal of titres
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cattle then the effect could probably be
blocked by aerosol immunization with PI-3
virus. However if the virus is demonstrated
not to affect clearance, then clearly, pre-
ventive measures must be aimed at P.
hemolytica alone because aerosol immuniza-
tion with this agent could probably protect
the respiratory tract from subsequent chal-
lenge by the homologous organism (10, 13).
Our results support other reports by Carter
(4, 5) and Collier (6, 7) and the description
of Jubb and Kennedy (14) concerning
"shipping fever" which indicate that P.
heemolytica is the agent which causes severe
clinical illness and death even though other
factors may be responsible for its rapid
growth in susceptible animals. However a
detailed microbiological examination of
lungs in the early stages of pneumonia has
not to affect clearance, then clearly, pre-
yet undetermined factors may influence
the early stages of the disease.
The comparisons of the mean absolute

leukocyte counts indicate little difference
between S and W animals except low eosino-
phil counts in the S animals which probably
means higher levels of circulating adrenal
steroids and therefore greater stress in
the S animals although we have not con-
firmed this. Carter and McSherry also
noted an eosinopenia in field cases (5).
The designation of lung scores has al-

lowed direct comparison between the de-
gree of pneumonia and the parameters
which might be significant in the patho-
genesis as mentioned previously. The arbi-
trary division into subgroups a, b and c
allowed a closer examination of this rela-
tionship although in general the animals
in subgroup a were very similar to the
W animals and those in b and c similar to
the S animals. The animals which died
(Table XII) had values for the antibody
titres and MCC generally similar to the
subgroup c animals which had the greatest
degree of pneumonia (Table VIII).

Considerable time and effort were ex-
pended to relate and rank the significance
of parameters X1 to X6 to the classification
of S and W without the use of temperature
and fibrinogen values and to reduce the
number of tests required for the establish-
ment of the S and W criteria. The purpose
was to more closely identify the most signif-
icant microbiological parameters and use
only those for larger scale field trials in
evaluation of the effects of preventive or
control procedures. The results indicate

that probably the measurement of tempera-
ture, fibrinogen, MCC of P. hemolytica and
serum antibody levels to P. hemolytica and
PI-3 virus would be required in such an
evaluation over a one week period as car-
ried out for GROUP I animals.

It should be pointed out that our results
relate to feedlot cattle and their circum-
stances of weaning, travel and a new envi-
ronment and not to enzootic pneumonia
in dairy calves (28, 30) which is a different
clinical and pathological disease.
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